We studied the relationship between taking part in a long-distance ski race and incidence of cardiovascular diseases (CVDs) to address the hypothesis that lifestyle lowers the incidence. 
Introduction
Cardiovascular diseases (CVDs) are the most frequent causes of death in the world. [1] [2] [3] [4] Many risk factors are discussed. 5 In 2015, the United Nations set goals to reduce mortality rates by 25% in the most prevalent diseases by 2025 . In response, the World Health Organization has focused on three lifestyle factors to achieve those goals: increasing physical activity and reducing both salt intake and tobacco smoking in the general population. 6 Physical fitness and increased physical activity are associated with low all-cause mortality, [7] [8] [9] [10] resulting in a lower lifetime risk of CVD. 11 International and national recommendations about relevant levels of physical activity are published. 12, 13 The mechanisms behind the beneficial effects of physical activity are mainly described as anti-atherogenic, 14 resulting in a decreased risk for the metabolic syndrome. 15 Conversely, physical inactivity is associated with an increased risk of CVD. 16, 17 Physical inactivity is identified as the fourth leading risk factor for mortality globally. Furthermore, studies have shown that a sedentary lifestyle, physical fitness, and physical activity are independent risk factors as measured by accelerometers. 18 Along with the physical activity lifestyle, non-smoking and diet appear to reduce the risk of CVD. [19] [20] [21] [22] [23] The Vasaloppet in Sweden is the largest cross-country ski race in the world with 50 000 participants annually. The high number of individuals with high level of leisure-time physical activity gives us a unique opportunity to analyse long-term incidence of CVD among skiers compared with the Swedish population. From this cohort, we have previously shown a lower risk for recurrent myocardial infarction and similar risk for recurrent stroke in patients with prior events. 24, 25 The aim of this study is to estimate the risk for a first myocardial infarction or stroke in skiers participating in Vasaloppet compared with matched non-skiers from the general population. Our hypothesis is that risk for CVD is lower in skiers participating in a long-distance race.
Methods
We collected information about Vasaloppet skiers (exposed) and nonskiers (unexposed reference individuals) from hospitalized inpatient diagnoses from Swedish registers containing healthcare (Swedish National Patient Registration and Causes of Death Registration) and socio-economic data (Statistics Sweden). Details about the merged database have been published previously. 24, 25 The race recruited both elite skiers and recreational skiers from 1989 to 2010. Race time, as a variable for the skier's fitness, was registered together with details of age and sex. All skiers have proved that they have a high level of physical activity and have trained sufficiently to be able to ski 30, 45, or 90 km under race conditions. The non-skiers were randomly selected by frequency: matched according to age, sex, municipality of residence in Sweden, and year of race. Thus, in order to be selected, non-skiers had to be alive at the time of the race that year. We excluded skiers and non-skiers who had suffered a stroke or myocardial infarction before entering the study but also all those with prior diagnoses that made participation in a ski race less possible. Diagnoses that excluded potential study individuals to enter the study are shown in Supplementary material online, Table S1 . This method was described in detail in previous articles. 24, 25 The Charlson co-morbidity weighted index for hospitalized patients 26 was used to evaluate how successful the exclusions were when the individuals with poorest health were removed.
The endpoint was survival with no myocardial infarction or stroke. In total, 399 630 subjects were included in the analyses, half skiers and half non-skiers.
Statistical methods
Skiers and non-skiers were followed up from the index date, i.e. date of the first recorded race. Time of follow-up was calculated from the index date until an event of death, stroke or myocardial infarction, or until the end of follow-up (31 December 2010). Incidence rates were estimated as the number of events divided by the total follow-up time. Cox regression models were used to compare the event-free survival probability of skiers and non-skiers, and the results were presented as hazard ratios (HRs) with corresponding 95% confidence intervals (CIs). The adjusted model included age, sex, education (primary school, high school, and university), family status (single or married), and occupational status (employed, unemployed, or retired). The proportional hazards assumptions were assessed graphically. A model including race time, age, and sex was used to assess the correlation between race time and outcome among the skiers. Race time was log-transformed and first included as a restricted cubic spline with four knots. The test of non-linearity was far from statistically significant (P = 0.33), so in the final model (log), race time was included as a linear term. Event-free survival was also evaluated within different subgroups. All analyses were done using the R environment for statistical computing (version 3.4). 27 The ethics committees in Uppsala (Dnr 2010/305, 2012/067) and Stockholm (Dnr 2011/030) approved the current study.
Results
Baseline data for the study population of 399 630 individuals (Table 1) show that, among both skiers and non-skiers by design, the median age was similar, 36 years and 62% were men, but as expected with important differences between the groups regarding other characteristics. University-level education was less common among non-skiers, and this group was more often single. A larger number of non-skiers were also unemployed. Since patients with serious co-morbidities were excluded, both groups had few co-morbidities, but these were slightly more common among non-skiers. Diabetes and hypertension were more prevalent among non-skiers. The subjects were followed up for a maximum of 21.8 years with a median follow-up of 9.8 years.
Of the skiers, 4798 experienced death, myocardial infarction, or stroke, and among the non-skiers, this number was 9399 ( Table 2; HR 0.50, 95% CI 0.48-0.52, Figure 1 ). When the results were adjusted for age, sex, and education-, family-, and occupational status, the difference remained for the composite endpoint (HR 0.56, 95% CI 0.54-0.58). For the individual endpoints, the results were similar with an HR of 0.52 (95% CI 0.49-0.54) for death, 0.56 (95% CI 0.52-0.60) for myocardial infarction, and 0.63 (95% CI 0.58-0.67) for stroke ( Table 2) .
The outcome analyses revealed no differences in risk of atrial fibrillation between skiers and non-skiers (HR 0.97, 95% CI 0.92-1.02) ( Table 2) .
Differences in outcome between skiers and non-skiers were consistent across major subgroups ( Figure 2) . Minor deviations were found in subgroups based on the Charlson index (>0), occupation level (unemployed), family status (single), and education level (university level), but none of the deviations alter the main finding with
decreased risk of the composite outcome among skiers. In Cox regression models, including the same covariates as in Table 2 as well as prior diagnosis of hypertension and prior diagnosis of diabetes adjustment were done (see Supplementary material online, Table S2 ). The results were materially unaltered.
Among skiers, and after adjustment for age, there was a higher risk of the composite endpoint of death, myocardial infarction, or stroke in those with slower race times (HR 1.19 , 95% CI 1.07-1.32) per doubling of the race time ( Figure 3) . The association with race time was similar for men and women, but the overall risk was higher for men (HR 2.06, 95% CI 1.89-2.41). This dose-response association was similar for the separate endpoints of death, myocardial infarction, and stroke (results not shown).
Discussion Principal findings
This large cohort study, with 399 630 individuals, demonstrated participants of a long-distance ski race to have a 50% lower incidence of all causes of death, myocardial infarction, and stroke when compared with the general population. The difference remained after adjusting for age, sex, and socio-economic factors. An important finding was the lower incidence of death, myocardial infarction, and stroke among the skiers with faster racing times as compared to those with slower racing times. The association was similar in men and women with an overall lower association for women.
Comparison with prior literature
Prior studies have indicated a faster finishing time and a high number of completed races to be associated with higher risk of arrhythmias including atrial fibrillation. 28 However, in our current study, the incidence of atrial fibrillation was similar among skiers and non-skiers. Despite this, the incidence in stroke was lower among the skiers compared with non-skiers. 25 The lifestyle associated with participation of a long-distance ski race may likely be protective against atrial fibrillation, while intensive training in itself may increase the risk of symptomatic atrial fibrillation. Symptomatic atrial fibrillation in healthy individuals with low incidence of cardiometabolic risk factors may not be associated with increased risk of stroke. The lower incidence associated with physical exercise in our study is large and potentially of great importance on a societal level. A large meta-analysis in 2013 with 790 000 individuals investigated the association between leisure-time physical activity and CVD. 29 It showed moderate level of leisure-time physical exercise to be associated with a 25% up to 30-40% lower risk of CVD, also indicating a doseresponse relationship. This finding is in accordance with the 50% lower incidence in our study. The larger reduction in our present study may be explained by the fact that skiers practice a higher level of physical activity. The meta-analysis by Li et al. 29 included comparison with occupational physical activity, which had a lower protective effect on CVD when compared with leisure-time physical activity.
Two large international case-control studies covering 50 countries with 57 000 individuals have analysed risk and protective factors for CVD. 16, 30 Their results showed a 25% lower incidence of CVD outcomes in physically active individuals, as compared to those with a sedentary lifestyle. The larger incidence reduction in our study may be explained by a low incidence of cardiometabolic risk factors among the Vasaloppet skiers. In a survey 2006 of Vasaloppet skiers compared with the general population (n = 12 441) (see Supplementary material online, Table S3 ). 31 Three of the most important risk factors for CVD, smoking, diabetes, and hypertension, were 3 to 10 times lower frequencies among the Vasaloppet skiers. Hypertension is a strong risk factor for stroke. It is known that physical activity decreases blood pressure in individuals with hypertension. 32 The majority of the Vasaloppet skiers practice physical activity for more than 4 h/week, which is much more than the general population. Vasaloppet skiers eat fruits and vegetables more than 5 days/ week, which is twice as often as the general population. This dietary habit was even more pronounced among female skiers (see Supplementary material online, Table S3 ).
Potential mechanisms
Our study suggests that a lifestyle including a high level of exercise is strongly associated with lower incidence of death, myocardial infarction, and stroke. There are many physiologically mechanisms with long-term effects in persons who practice regular physical training, 13 e.g.: aerobic physical activity increases the neuromuscular functions; increase the heart capacity; increases the blood volume; stimulates angiogenesis and vasodilation; lower blood pressure; change the body composition; metabolic and hormonal effects increase the oxygen uptake and increase fitness; effects are involving the glucose-and lipid metabolism with increased insulin sensitivity; the inflammatory processes decrease. All these changes influence also protein and genetic activity through different signal mechanisms mediated by effects on the central and peripheral nervous system. By more regular training, these effects are more consistent. 13 As a result, a lot of training is required only to maintain the fitness level. Regarding fitness in the skiing population, 25 The benefits of health increase with both higher fitness and increased MET-h in a dose-response pattern. With very high doses of physical activity, the risks may increase. 33 Ekblom-Bak et al. 34 investigated the same individuals during periods of sedentary time and periods with different levels of physical activity. They found that metabolic syndrome parameters decreased in relation to increased physical activity. A study by Joyner and Green 35 found that physical activity provided better-than-expected protection against traditional risk factors. The authors also highlight the positive effects of physical activity on the endothelial function and the autonomous nervous system. Many of the physiological effects also have a preventive impact in the development of CVDs; for example, they counteract cardiometabolic risk and diseases like hypertension and diabetes mellitus, have anticoagulant and anti-inflammatory effects, and increase fibrinolysis. 17, 36 Genetic factors probably explain different response on regular exercise, e.g. oxygen uptake or influence on risk factors. The question is whether endurance athletes may have different physiological response of exercise and because of that different risk for CVD? 37, 38 Strengths and weaknesses
The exposure of interest in this study is not participation in the Vasaloppet per se but rather the adoption of a healthy lifestyle (physically active, non-smoking, and healthy diet). The exposed individuals (skiers) are assumed healthier as a group than the unexposed (nonskiers), but in fact not all in the unexposed group are truly 'unexposed' and not all in the exposed group are living a healthy life. This is in contrast with other epidemiological studies where the exposure variable is individually established. Consequently, we could not adjust for all health-related confounders as it is difficult to assess the causal pathways of these in skiers. However, in a separate analysis, we did adjust for diabetes and hypertension. It is possible that the non-skiers were less aware of their health. Perhaps they had a background with not-known hypertension, diabetes, dyslipidaemia or underlying atherosclerotic disease, or smoking habits. Individual baseline health data of skiers and non-skiers were not available in the registers. However, we know from the survey study mentioned above that among the Vasaloppet skiers, diabetes, hypertension, and smoking were less frequent. 31 One weakness in our study is that we did not measure physical activity duration and intensity individually. We used a questionnaire to find out the mean levels. To measure the degree of physical activity over time and across large groups, categorical responses, and selfevaluation are better than surveys. 15, 39 Research concerning the impact of physical activity and risk factors need to be extended. By introducing accelerometers in a general population aiming for more objective measuring of physical activity, it has been shown that fewer people than was reported previously in fact follow international recommendations on duration of daily exercise. 40 Strengths of our study are the large number of individuals who have trained sufficiently to manage a high level of physical effort, namely, completing a ski race of 30, 45, or 90 km compared with matched individuals from the population. Other strengths are a long follow-up time and a large number of variables from national registries with very high quality.
Conclusion
Cross-country skiers' participation in the ski race Vasaloppet was associated with a substantially lower incidence (50%) of death, myocardial infarction, and stroke. Our data suggest that a lifestyle with a high level of physical activity, non-smoking, and with a healthier diet may work as a protection against CVDs. We have also found a doseresponse relation exist in relation to the race time, as a proxy for the skiers' fitness. The underlying mechanisms of these observations remain to be established.
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